have a general value across all materials and structural types and in all areas of the world.
Introduction
Structural codes of practice influence the professional activities of all structural engineers. While relatively few will be involved with their creation, adaptation and updating, the great majority will utilise their contentssome imaginatively and as an aid, some in a prescribed and unthinking fashion, a few in a defensive and negative way. Attitudes among users vary across supportive, puzzled, irritated, grateful, and so on. To the same individual they may well, at different times, be helpful, informative, restrictive or troublesome. Much has been written to explain the technical basis and development of new codes as part of the support for their introduction; some authors have made suggestions for improved formats, new styles of presentation, different approaches in terms of breadth and depth of coverage. The legal status of codes varies in different parts of the world, being enshrined in law in some countries yet merely advisory and optional in others. The perception of their legal standing is even more wideranging (and often misunderstood), with structural engineers often believing codes to be more influential than is actually the case. And, of course, their quality varies from lucid, polished and highly relevant and valuable documents to unclear, ambiguous and misleading offerings.
Over the past century, such documents have increased in importance, in length, in their preparation costs and purchase prices as well as spawning an " industry"
Abstract
Drawing on some 40 years experience with many aspects of structural code preparation and use, views are expressed on their purpose, production and presentation. Their role as part of the portfolio of advice and guidance employed by structural engineers is discussed and suggestions made to assist in securing the community's acceptance of updated documents. While the content has been heavily influenced by the author's direct experienceboth in terms of the fields of expertise and the geographical regions in which that expertise has been gained-it is believed that many of the points made Taking the structural engineering aspects and paraphrasing for simplicity, these effectively state "it is the responsibility of the designer to demonstrate the integrity and safety of their design". The exact process by which this should be done is not specified. Rather, the designer is given considerable freedom to use whatever approach is deemed most appropriate for the task in hand. Of course, those responsible for checking the design and thus for granting the approval are likely to be most easily persuaded by a design that is substantially in accordance with the current version of the appropriate National Codes but working outside these boundaries, for example, by using foreign codes, design base d on first principles , empirical methods, etc., is certainly not prohibited. Neither incidentally is working to so called withdrawn Codes, that is, those that are no longer maintained by the BSI. However, the engineer's client or insurers might have a view on the wisdom of operating in this way.
Codes of Practice in Structural Engineering: Introduction
This represents a particularly open approach. Elsewhere in the world and, indeed, for different sectors in the UK rather more prescriptive arrangements prevail, with the most directed effectively enshrining the requirement to design in accordance with a particular Code as a legal (rather than, say, a contractual) requirement. Structures do, of course, obey the laws of physics, so "designed according to the Code" does not confer immunity from the possibility of failure-particularly if the Code in question has been misapplied or is not appropriate to the particular matter in question.
The actual Codes, whether they cover the response of a structure, loading requirements, material specifications and so on are, of cour se, only a part of the portfolio of material used by structural designers nowadays. Manufacturers' literature, design guides, computer software, textbooks, volumes of worked examples, etc. all play a part, often to the extent that the actual Code may only be consulted comparatively infrequently. Indeed, much of the concern over the introduction of the suite of structural Eurocodes relates to the expectation that designers will be able to continue to operate using these aids in much the same way that they now work with National Codes, thereby emphasising the need to produ ce all the supporting materials.
Even a cursory examination reveals the potential for conflict. For example, can Rules 1 and 3 always agree, can 3, 4 and 5 alway s be reconciled? It should also be noted that BSI (like most National Standards bodies) has a remit that extends far beyond structural engineering-indeed, much of its work covers products-so that reconciling its basic objectives with structural design may well require a degree of interpretation.
Given that code writing is normally a committee activity (or, lately, possibly more of a committee directed activity with the actual writing being done by an individual or a small team) and that such committees should reflect the interests of all concerned parties, it is not surprising that different parties will each have their own legitimateand frequently competing-requirements from a code. Writing on the background to the development of the Part 3 of BS 5400 (UK's first limit states bridge design code) in 1980, 3 the Chair of the relevant Committee, Dr AR Flint, gave his view of the requirements for each of these; reproduced below are those for designers and researchers:
1. "Designers have different priorities.
Many plead for simplicity in a code both for speed of application and to enable it to be used by Engineers with limited experience. Some expect rules to be both simple and all embracing. Others expect that they should refer to fundamental knowledge when designing major bridges and want freedom for experienced designers to work beyond the scope of a code. Those competing for worldwide markets require the code to produce the 'most economical' bridges. Simplicity of design rules and economy in the material content of a bridge are incompatible for other than simple structures." 2. "Researchers desire a code to be technically perfect and comprehensive, making use of the most recent research results."
Clearly the first of these contains a number of contradictions in itself, while the second has little obvious rapport with the first.
Once a code has been introduced, the structural engineering community wil l be obliged to operate it. It is therefore of interest to explore the precise legal requirements. For building structures in the U K, these are set out in the Government's Building Regulations.
devoted to the production of support and guidance material, software and educational courses. What does this mean for the structural engineering profession-both today and going forward? Personal experience of code drafting, preparation of design guides, research leading to code provisions, peer review and specialist advice on designs, student and professional education and expert input to legal disputes will be used herein as a basis for addressing these issues-including their relevance to the preparation, introduction and adoption of the structural Eurocodes.
Issues covered will include ensuring an appropriate balance between recognising and implementing appropriate technical advances without over comp licating the resulting document; ensuring the minimum disruption to working practices and facilitating ingenious and imaginative usage by enterprising and well informed designers, while providing a consistent framework for the delivery of safe yet economical structures.
This paper relies heavily on two keynote presentations prepared recently by the author for delivery at international conferences.
1,2
Role of Codes
Structural codes typically contain a mix of information, including factual data, design rules, advice on good practice, and, on occasion, some specific references to other sources of guidance. Although their precise status varies in different parts of the world, it is generally accepted that the easiest way to demonstrate structural adequacy (and thus to gain an approval) is to show that the methods used to produce a design follow the provisions of the current local code.
In the UK, the process has traditionally been under the direction of the National Standards body-British Standards Institute (BSI). Its code drafting committees are expected to be familiar with the essentials of BS 0: A Standard for Standards. This lists the six aims of standardisation as:
1. To simplify the growing variety of products and procedures 2. To improve communication 3. To promote overall economy 4. To ensure safety 5. To protect consumer and community interests 6. To eliminate trade barriers be set as either zero or unity but which for a more competitive answer would require precise values to be calculated.
Requirements Versus How They Should be Met
Merely listing the requirements is, of course, the essence of the new generation of performance-based codes. In its starkest form, this concept merely states what is required and expects the user to find ways of demonstrating that this has been achieved. Such codes clearly encourage innovation, both in terms of how the requirement might be met and in the approach used to justify this. They are, however, more difficult for the user since, by definition, almost all the guidance, for example, determining the strength for a given column arrangement, has to be located elsewhere. There are some topics for which this type of approach might, however, now be thought to be more appropriate. For example, the design of shear connectors, when used in conjunction with metal decking, is complicated by the impossibility of anticipating each and every development in terms of decking profile. 4 The result has been that the original rather straightforward concept of a pair of design formulae, one to cover stud failure and one to cover concrete failure, have been progressively modified with empirical coefficients, only for new decks to appear that present further problems. One way of addressing this would have been to have retained the original pair of formulae but to have required designers to obtain modification coefficients for whatever particular deck they were using, with the expectation that manufacturers would have to provide these as part of their sales information. This would avoid the current situation in which various interpretations of formulae not originally intended to cover that particular situation have been made. It would also encourage the appearance of new forms of decking, delivering superior performance and backed by their own customised and correct design procedure.
Codes and the Wider Design Environment

Globalisation
Preparing codes on an international basis with the aim that usage be spread over a wide geographical area is clearly attractive. Apart from the obvious example of the structu ral Eurocodes, whose coverage now extends to some 26 countries as illustrated in
the more we know the more we codify". However, it is worth pausing to reflect on the fact that a Code user will only be reading one particular section at any one time and that, provided the layout, system of indexing and cross referencing are carefully thought through, length itself need not be an issue.
Simple Versus Competitive Approach
Practitioners always ask that the provisions of codes be easy to follow and quick to use. This is, of course, understandable as they wish to minimise design time-a point that is increasingly strongly made in response to the pressures of fee competition and practice economics. On the other hand, procedures that lead to the most competitive outcomes are, of course, technically satisfying as well as likely to be attractive to clients if they lead to more economical results. Those responsible for the supply of design software to the industry are also likely to be attracted to procedures designed to provide the most competitive outcome, recognising the opportunities provided to them by the many steps and substantial calculations. This is clearly an area in which both attributes have their virtues but the two are clearly incompatible. Some codes have attempted to address this by providing more than one procedurethe so called tier approach-but this has not really become popular. By far the most satisfactory way of addressing the issue is to devise procedures capable of implementation in a simple fashion but which, when the occasion dictates, may also be implemented in a more extensive form leading to a more competitive result. A simple example would be a design formula in which during the first pass all of the coefficients could Figure 1 presents a diagrammatic representation of the relationship between the structural designer, the Codes themselves and this additional material. Importantly, it also includes the vital role of education, experience and understanding that underpins the intelligent use of all of this material. It is sometimes forgotten that a proper understanding of structural engineering transcends the use of particular Codes and that all of these documents are based on similar principles albeit expressed in different ways-sometimes to the extent that it is hard to recognise the common basis.
Issues with Codes
Personal experience of preparing codes, writing explanatory material, providing educational courses on their intelligent use and assisting with interpretive aspects in projects-both during the design and as a result of retrospective differences between parties-has permitted the identification of numerous "tensions" in the code drafting process. Three illustrations are provided but others are possible; individuals with similar experience but working in different structural fields will, no doubt, be able to contribute further examples.
Brevity Versus Comprehe nsive Coverage
The commonly held perception is that a short document is easier to work with yet it is often claimed that a Code should contain "everything that is needed". Both are desirable but clearly mutually exclusive. Moreover, defining a complex issue in a few words often makes it more difficult for the reader; conversely, separating the points into a simple step-by-step presentation is likely to result in greater clarity. Based • Comprehensiveness-coverage of all that is considered essential.
• Flexibility-allowing users with differing degrees of skill and confidence opportunities to use these as the situation dictates.
• Innovation-allowing those with suitable knowledge and skill to follow the spirit without being constrained by the letter.
• Reality-carefully using the fi nite resources available to produce the document to achieve the best result.
Presented like this, delivering a new structural code is, of cour se, an engineering project-requiring definition, planning, securing resources and management of the process. Fundamental to all this is the original brief. How often in the past have those responsible for a new code spent significant time and thought upfront carefully defining the precise brief and then working in a way that imposes some discipline in adhering to it? While it is not apparent, experience suggests: infrequently-certainly in the ways that are necessary. Think of several well-publicised software projects-usually commissioned by governments-that have either overrun spectacularly or simply failed to deliver because of either an inadequate initial specification or failure to adhere to the original specification or both. The disparity between promised completion dates and actual publication of code points to the same phenomenon of specification drift.
Of course, some of those closely involved with code preparation-possibly too closely to appreciate the totality of the situation-might well argue that code writing is a different sort of activity, citing reasons such as:
• It is not clear at the outset what is needed.
• It is necessary to include the latest material.
• It is not possible to predict the outcome of the comment process.
• Using volunteers for at least part of the task means that they must be given freedom of expression.
Each of these can be logically countered. Realising what is needed and how it is to be produced is fundamental to any project. Being as clear as possible on all aspects in advance and then sticking to the essence of the plan by keeping the variations in check-especially in terms of content-should both deliver codes aligned with the original carefully genuine benefi ts as compared with its predecessor is clearly crucial.
• More comprehensive coverage, leaving fewer situations that ne ed to be resolved "outside the code" is normally thought benefi cial by practitioners.
• Time spent on making the procedures easy to follow and, above all, quick to implement should lessen the view of the new document as being "diffi cult".
• Identifi cation during the introductory period that problem areas in the previous document have been recognised, accepted and dealt with in an improved fashion should demonstrate that users' concerns (with the previous code) have been addressed.
• Well in advance of the introduction, clear views on the reasons why the new document is needed and illustrations of how it will make the lives of designers easier should create a climate of anticipation-rather than dread.
More thought, time and resource should, in the author's view, be given to this aspect of the transition. Simply publishing the document and then assuming that the community will welcome the change, identify new benefits and readily alter its working practice is, with today's substantial structural codes plus the large volume of supporting infrastructure linked directly to each document, not an acceptable approach. Nor is the situation helped when those speaking at events designed to introduce the community to new codes give as the justification "because it gives a more consistent level of reliability" or "because it is technically more up to date", rather than emphasising potential user benefits such as "more comprehensive in its coverage", "containing easier to use treatments for commonly encountered topics", "reducing the scope for varying interpretations" or "providing more economical solutions for certain topics".
Balance
All the foregoing analysis of the production, use of and support for structural codes points to one factor being the most important-balance. This is defined as juggling
• Economy-both in terms of the document's use and of the results it produces.
• Simplicity-for the users.
period of the unfortunate people who have to work such regulations. This applies both to those who have to comply with, and those who have to administer, such regulations."
The quote actually refers to the introduction of a new version of BS449-a UK steel building design code that some would have us believe to be a paragon of all that is needed today.
Rather than dismissing this resistance to change, more effort should be made to address the underlying reasons and to try to anticipate and confront them during the transitional phase. Writing a few of years ago, 5 the author suggested:
• Any newly introduced document is, by defi nition, unfamiliar.
• New is often perceived as technically more complex.
• This leads to the expectation that it would be more diffi cult to use. • The consequence is to presume longer design times.
• Since there is no expectation of additional fee income, the presumption is that profi tability would be eroded.
And followed this with ways in which these concerns might be assuaged.
• A properly orchestrated campaign to both prepare the community for a new document and to explain how it should be used, including the provision of illustrations where it confers
Designers and regulators
• Need access to a clear jargon-free programme with dates of -publication of the Eurocodes -publication of the National Annexes -availability of guidance documents -availability of design aids -withdrawal of British Standards.
Academia and those providing training
• Require -Teaching notes -Access to a concise version of the Eurocodes -Textbooks -Background information.
Software producers
• Final drafts of -Eurocodes -National Annexes -Residual standards -NCCI. Table 2 : Implementation in the UK-needs of industry thought out requirements and to a realistic timescale.
• Interpretation issues resolved
Participation
Codes of practice are an "easy target" for complaint by structure engineers. "Too complex", "does not cover what is needed", "too expensive", "difficult to follow", "poorly organised", "not needed" are the sort of comments overheard frequently in conversation, read in the correspondence columns of Engineering Journals and Magazines and offered during discussion sessions at meetings and courses. Yet normal practice-certainly as enshrined in the BSI rules-is that newly prepared documents must be exposed to public comment. Thus, a draft document is published, its existence is broadcast and comments invited for a defined period. Furthermore, these same rules then require that a panel consider every comment, produce a written response to each and that the full committee then decide on the modifications to the Draft to incorporate these comments. Of course, the panel is entitled to state "not agreed" against those comments it regards as unjust, incorrect or irrelevant but all such decisions must be defended in committee discussion. Experience in the UK suggests that a disappointingly small proportion-perhaps less then 5%-of public comments are incisive and well thought through and have the potential to improve the document. Given the opportunities provided by the comment process, it is a matter for concern that it appears to be underused-compounded by the frequency with which points emerge from individuals after completion of the process that they did not choose to input when they had the chance. Unsurprisingly, there is an inverse relationship between those who complain most and the input received from them during the comment period.
Some series of codes go further in exposing themselves before the formal introduction. For example, the structural Eurocodes were available for open "trial use" for several years in the ENV (European Prestandard) stage. Unlike BSI Drafts for Comment, which should not be used in earnest, the ENVs were intended for applica tion on real projects. Scant evidence that this happened is available; often situations in which it did were somewhat contrived through Government projects paying for an alternative design.
Perhaps the profession should involve itself more in this commenting or trial use opportunity as a way of assisting and informing the preparation of codes. Professional bodies might give greater publicity to the availability of each new document and encourage their members to participate. But in the end it comes down to individuals and companies committing time and interest in preference to doing something else.
Conclusions
Structural codes have been and may be expected to continue to be an important feature in the work of professional structure engineers. Through an examination of the process of their preparation, introduction and support, the case for the resources devoted to these tasks being better aligned with their importance has been developed. While it might be argued that the profession gets the codes (and code support) it deserves, the influential nature of such documents means that there is a collective responsibility on the profession to strive for an ever improving planning, process and product, leading to better practicality, performance and profitability. used in the UK by the IStructE when describing the introduction of the Eurocodes as:
"Representing a much greater change than the introduction of Limit State Codes or the shift to Metric Units."
Examples of the assistance required by three groups of code users are given in Table 2 .
Moreover, a valuable lesson from the Eurocode operation for those looking to work internationally is that all previous estimates of timescales should be extended-significantly so. Thus, promises about completion dates, publication of new documents and withdrawal of existing arrangements need thought and either built in flexibility or the much more disciplined approach advocated later.
Transition
It should be recognised that publication of a new Structural code does not mark the end of the process but the beginning of a far more substantial task. For the great majority of the Structural Engineering Community the preparation of a new structural code does not affect them directly. However, when it is published working prac tices have to change as use of the new document replaces the established regime. While this might be regarded as a relatively recent concern, the following quote from over half a century ago shows that change was never welcome: "The onset of new or revised regulations invariably hera lds a trying Given the increasing pressures on the limited groups of people with the expertise, energy and inclination to work on code development, this is a significant issue. For the reasons mentioned earlier, code preparation is becoming a more challenging task, while the climate of employment is reducing the opportunities for those suited to it to make themselves available.
A more personal view of the stated benefits balanced by a series of corresponding potential risks to a country making the transition from National Codes to Eurocodes is given as Table 1 . Clearly in order that the former be released, the latter should be minimised.
It is also the case-although awareness of this seems less than it should be-that those expected to use a new code need help in learning how to do this. Justification for this view comes from many quarters, including that 
